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Effects of maize straw application on organic carbon’s priming effect and temperature sensitivity in brown
earth
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Abstract: To distinguish the effects of maize straw carbon (C) on the priming effect (PE) of native soil organic carbon (SOC) and its tem-
perature sensitivity, a laboratory "C tracing incubation experiment was carried out for 450 days with Brown Earth at 25 °C(microbial suit-

able temperature) and 18 °C(average temperature at crop growing season ). The CO,—C content and its *C values were determined periodi-
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cally after "C—labeled maize straw was added to high—fertility Brown Earth (HF, continuous application of decomposed pig manure for 30

years) with SOC content of 17.03 g-kg™', and low—fertility Brown Earth (LF, no fertilizer treatment for 30 years) with SOC content of 10.70
g+-kg™". The results showed that the accumulation of SOC in HF was higher, and higher temperature increased the cumulative mineralization
of SOC. The relative PE of SOC with LF changed owing to the increase in temperature, showing a trend of relatively positive PE that quick
declined from O to 140 days, longer duration of negative PE from 140 to 360 days, and slightly higher positive PE after 360 days. Mean-
while, the cumulative relative PE was higher at 18 °C than at 25 °C. In general, the temperature sensitivity of SOC both in HF and LF de-
creased over time. The addition of maize straw could slow down the declining trend. The temperature sensitivity of SOC in LF was higher
than in HF before 140 days; the trend reversed after 140 days. The temperature sensitivity from native SOC presented strong variations,
which were higher in LF than in HF from 0 to 300 days; the trend reversed after 300 days. These results suggest that the decomposition of

maize straw was influenced by soil fertility (different SOC levels) and environment temperature, resulting in variations in the PE of SOC.

The incubation times of 140 days and 300 days should be the important time variations.

Keywords: "C-labeled maize straw; soil organic carbon; priming effect; temperature sensitivity
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Figure 1 Cumulative mineralization amount of organic carbon in Brown Earth
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Figure 2 Relative priming effect of organic carbon mineralization in Brown Earth after maize straw addition



LS B FORREREIG X BRAA DB 0 IR SRR P OB 2793

Qo TR IEREEE , H 300 d Ji5 2 5 Z2 a3 a8 fin
R R S5 N 7 - 3361 Qo AN TR IR T 35 2 B g
k%, 2B 0~140 d /& AEAK FARAE A E , 1 5 I
JIEARE T v B A S ) AR Ak B4 #47, FF7E 300~360 d & 2R
STt E PR A (E 3) . AR (R2),
B 7 7K 5 KA T AN R Qo B R M 357 35 5] 22
SRR 25 7K (P<0.001) , 45 TR R 22 1) 047 7 25 S
i E 1A8 HAEH(P<0.001) o
24 AERAIFEENRY KLPREFRERMNEL
EENRARESRE

1577 P e B RV A A 48 vp R OR RS AR SR IR Ak 1
1k Qo5 R R RS (E 4A) , Hivb 140 d i S 30 H
ICNE A 458 1 T v M A S 1 R A T 5 R B M AL R S
#1300 d 5 R BT R R BRI AR L. KI4B 3R
AN USRS FE I v HE AR AR A4 I 1 e LR 571K Q1o

3or O~ FE-F5FT High fertility—maize straw A
| A fIRAE-F5FTF Low fertility—maize straw

TLEE U RS 0o
O

<A

O 1 1 1 1 1 1 1 1 J
0 50 100 150 200 250 300 350 400 450
Ki R HF 8] Time/d

Ak, BV B SRS BR300 d LATT &2
PR ARE 0 2 T s IR AR Ak 3 H e s B
PRI T = R A, 177 300 d 5 52 BUME T i i BRI i
P, HARAE AR AR T o AR . Ty Z 00 s (%
2) B3 AKX FORFEFF R A b Q10 H 52 1) 1K 3 22 57
W 27K P (P<0.001) , FF ELRS A4S i s o) it 1+ 358
BLERAT AE Q10 4 52 M) Ko 52 A FH AL IR 31) 22 540 ik 25 7K
F-(P<0.001) .

3 iFig
3.1 TEFFRMGIE DGR E X 4R IE T VL &
EEA

RIS ST R B, b B Ry A TS RO A —
SR B PUIRAG RIS, DR 4 SRR HE it bl
Z AL KRR AMIEAT MILJTT A S P e

—O- 1 JIE High fertility B
\ =D fIGAE Low fertility

0 50 100 150 200 250 300 350 400 450
K5 FRHT ] Time/d

e N AT« o M L SRS S RS AT A2 B 5 ARAE RS AT TRNE L B0 F KA AT AL 2 i A « e N e S L TS - IR L e b 2

High fertility—maize straw: The treatment of high fertility soil added maize straw ; Low fertility—maize straw: The treatment of low fertility soil added maize

straw ; High fertility: The treatment of high fertility soil ; Low fertility: The treatment of low fertility soil

3 IRERNBRY LHRESRRR(Q0)

Figure 3 Qo of soil respiration

3or -O- FE-F5FF High fertility-maize straw A

S o5k N ARNE-FEFF Low fertility—maize straw

£ 20t

151

e

P RAHFF R U R EL
Q10 of maize straw derived CO,~C

=
00 50 100 150 200 250 300 350 400 450
K55 6] Time/d

307 -O- FE-F5FF High fertility—maize straw B

25t D ARNE-FEFF Low fertility—maize straw

- R L U R A

Q10 of native soil derived CO,—C

00 50 100 150 200 250 300 350 400 450
53R R] Time/d

PR AL AT « e AL L AN FORTE AT AR B 5 AFRAC R AT « AL L A T RAH AT AL 2

High fertility—maize straw: The treatment of high fertility soil added maize straw ;

Low fertility—maize straw: The treatment of low fertility soil added maize straw

4 ERFBEFHRMNELEENHRT LHBREFRRE(Q0)

Figure 4 Qo of maize derived— and native soil derive CO,~C



2794

VRIEIN ity 3855 12

A HLRR A b e B ) BRGBR R R 0, AE K
B 22 5 (- A MUK - 22 57 ) 5 R 1A P X 8
VS TR AR R L 3G BILAI 0 e 1 5 4, DA T 5522 ) 38
A HILRR (1) 38 & 800, RO AE 43568 BILas & =L AK 37
AR I = o A A Ak T LR RS, B AR
T B0 i it 19 3% 4032 3 BR 1, 17 S I E KRS AT Y 78
it b g AR A A WS A I A 4 W T 22 Y
JEL S it , ) B om0 - S8 A ML Ak, 7 A TE
RN o WEAT LA BT 4 fidp R 3R U0 UK R R
RUEN 3SR VS s e N s S 1 s S 1R 5/ N
FFIG T A 0 1E R R0 R I B T AT
P kA A PR o3, A DL 80 1Y
AL R IUT R AR L R RIFE R A 5 A 0 S BE B
RN AHAE A S B R O X S AR ST B
FRA I F B 5 R I AR— 0, AR E 398 £ 8 R sl
Jof 252 B[] 4 1T R vl T S kA MILAs % 12 B A g
I REFFRRE A 385 FAT HL BT o3 A R, AR 3
T AR S g TR, R 2 R
SN A MR fL I 5 — AN FE R Tk
Yrid e A LR Al 2 TS ) - A Pk
PR AN AR AR P A A 3 2o O R P T
PR R R B 22 Mg SN R A1 E B AT SOC 43 ™ T
b T v L AR SOC 1 14 4k 5t 25 fif SOC 43 % Jin
PR3 AR A T T AR RS s e —
FIVE FHMLER , SR 555 75 —Fh o R -39 HILAR I
RN B 18 CIEFR AT I R s £k
FiFF 5 0~300 d 380 R40W #2 B2 T 25 °Cmi , T 300~450
d A, 18 CHEF7 5 FARNE L 380 £ KR FEFF 5 0~
140 d i1 360~450 d i A& %00 0 72 B b 25 °C ey, T
140~360 d AHSZ o PIAE BB 0 A8 Al A28 R 3500 1)
PLIETR ZEA I IR ABFSY
32 BABRMBEAFBEENIZEGIN®RYT LEBEE
BRI T

ek B SRR (Quo) BB S B 1= 33845 ML 1k 52 7L
FEASA IR FZ ) R/, DR R ) PR 2 %) e s 25 | i )i
SERAR R, YIRS E TR, A LIRS
fiff R 3 P, 3 B O I B e 7 B RO, Qo B
s BEAR, R 22 S 2 5/ Qo X AR AR 1Y
M 1 o Verburg S5 7E 45 T B FK 43 4 4 ) 15 77 5K
Borh, & B A NP AT AR TR AR S TR R I A At R
2R AR S o 3R B RS A AL 7 %o I B B A A
SENA Y I I R R ), A ) 2 R AIR
G EIET, Ql()é%ZF%{E&O N AR S (R TVIN

SN K FEFF 5 45 A IR 5 i 38 PLak 6 1k
{1438 FEE BRI (R A8 Ak (PR 3A FHIET 4A) L 177 140 d 1300
dJE A2 RSS2 R - A ML bR U E &
A AR AR EE BT K St B o3 M RO A3 A A PL
Py 5t 1 0 AR AR5 R B 3BT LR A b 1 I R R
PERYAEAE . Gren 580 MBI W 412 501 71 2F I 1)
I8 TR RS SR R G R U E AR A L
&) — e FAT AR ) e 3 R v 1 AL BE L Bl
H HEA P i T A58 B 2 e i, A2 8
R AR AR SO P B it B DR] T e B A
SR AL AH R MBS 0 o T B 5 300~450 d AR P AT RE
em R AIEE Y, m e 1 Q0 R TIRIE + 5,
2 PR ARG TP - 438, TS I R KA A 1% e I - 4852
AN ST E L , LTI ORI QuE Tt
5, A LR R XE S 21 53 Le 5 o3 i A AT
A YL B U | 31X 5 Knorr S5 2518 — 34,
3.3 BEAFREX EAREFRFERMNE L IZEF iR
T RYIR a0

T B LR AU ROV AR A 25 5, EEEH
T ARAE R A - A B B TS D AR A 5 R BE T A
T R 52 e LA AR A R R . B 4A 0~
140 d IR MR FOKRFE R L Quo s TR B, i F
F AN it A - g v R o0 R AR, AR S T
P TR T IAE IR, Quodtd K, 2 B v N - 3¢
140 d 17 A F) 520 R FF e i I B2 B AR Ak . 1T 300
d Ji5 e AR IR IE 1 498 2 w5 s PR AR A R 3 2
T A W 1) 3 v BOME o RS A LT, T e IR
TR 2 M R T 2 R L ST I R
QuTt i, B B IS AE , 1 BRI I HR R, Q0 X2
PR B R X I A AT MLk 1 ek %
P A A T 2 Rl S ) A 40 R R sk R i L 48
AR Z B 22 5 BT e . 5218 1 7K~F-52 0, 0~300
d 35 R AT - B0 W) B 5 T IR AR
BLAR S e, DA T 5 i Jit - S8 A8 HLAR 1 43 T 5 S Qo
s ZU AR, B A SN AG HLAR B A M B I AR I
A MU Quo 1 722 A0 32 5 AN A HILA Q1o Y 22 LS
TAHAL, 3X 5 Michaelis—Menten J5 % % J5t 2 £ ¢ Ik
=

4 £t

AHEFEL R SR 2 SR AAF R R
BUBR B8 16 2. 35 32 RS AT I E 77K F C LR (19 22

5t TR R ZE G R o



LS B FORREREIG X BRAA DB 0 IR SRR P OB 2795

CORE Ty IRLEE (4 T v 35 23 3§ i S pLak Fr) 3R
Bt

(2) 18 CHEFR AT Ar e SRR ROV e JE 5
T 25 °C, HAPRAC AR 0 SUA AL R T AR AR

(3) ERFEFFRRANA , FEAR T AE MM AL AR A
HLBAT b A4 T B SR, S0 Y S 9 T i i e
AR — B A B, T e A LR A 1L B4 Ik
JE U S BUBOR 22 52 4k, 140 d 1300 d 2 H AR fE
A LRI

S 3k

[1] Lal R. Promise and limitations of soils to minimize climate change.
Journal of Soil and Water Conservation, 2008, 63(4):113A-118A.

[2] Li X C, Jiang T, Chao Q C, et al. The Core Conclusions and Interpreta-
tion of Working Group II Contribution to the Fifth Assessment Report
of the Intergovernmental Panel on Climate ChangelJ]. Chinese Journal
of Urban & Environmental Studies, 2015, 3( 1 ):1-10.

[3] ZHRME . FEFFIE HR LA HUAK [ 45 58 J7 42 7 HL B 52 D). vk
RMBLEL R, 2016.

JIANG Zhen—hui. Study on the mechanism in improving the sequestra-
tion ability of soil organic carbon under straw returning conditions[D].
Northwest A&F University, 2016.

[4] Sparling G, Cheshire M, Mundie C. Effect of barley plants on the de-
composition of “C—labelled soil organic matter(J]. Journal of Soil Sci-
ence, 1982, 33:89-100.

[S] Waldrop M P, Firestone M K. Microbial community utilization of recal-
citrant and simple carbon compounds: impact of oak—woodland plant
communities[J]. Oecologia, 2004, 138(2) :275-0284.

[6] Potthast K, Hamer U, Makeschin F. Impact of litter quality on mineral-
ization processes in managed and abandoned pasture soils in Southern
Ecuador[J]. Soil Biology and Biochemistry, 2010, 42(1) :56-64.

[7] Kuzyakov Y, Friedel J K, Stahr K. Review of mechanisms and quantifi-
cation of priming effects[J]. Soil Biology & Biochemistry, 2000, 32:
1485-1498.

[8] Qiu HS, Ge T D, Liu J Y, et al. Effects of biotic and abiotic factors on
soil organic matter mineralization: Experiments and structural model-
ing analysis[J]. European Journal of Soil Biology, 2018, 84:27-34.

[9] Lai R, Arca P, Lagomarsino A, et al. Manure fertilization increases soil
respiration and creates a negative carbon budget in a Mediterranean
maize based cropping system[]]. Catena, 2017, 151:202-212.

[10] Hashimoto S, Carvalhais N, Ito A, et al. Global spatiotemporal distri-
bution of soil respiration modeled using a global database[]]. Biogeo-
sciences, 2015, 12:4121-4132.

[11]Li Y, Zhou G, Huang W, et al. Potential effects of warming on soil res-
piration and carbon sequestration in a subtropical forest[J]. Plant and
Soil, 2016, 409 :247-257.

[12] Zhou L, Zhou X, Shao J, et al. Interactive effects of global change fac-
tors on soil respiration and its components : A meta—analysis|J|. Global

Change Biology, 2016,22:3157-3169.

[13] BRARAG, WP, AR . e HLBOROR RO A ST 0t S D). L%,
2006(4) :359-365.

CHEN Chun-mei, XIE Zu-bin, ZHU Jian—guo. Advances in research
on priming effect of soil organic carbon[J]. Soils, 2006(4) : 359-365.

[14] TRIETE, TR, 2005, 5 A FE b4 FURBUE Wi 00
HMNIE TSR AR MR R[], A 254541, 2017, 37(20) : 6818-6826.
XU Ying~-de, DING Xue-li, LI Shuang-yi, et al. Effect of maize—de-
rived nitrogen supplementation on the total and microbial biomass ni-
trogen of brown earth with different fertility levels[J]. Acta Ecologica
Sinica, 2017, 37(20) : 6818-6826.

[15] Btrds, Zetetes, 2005, 55 . SMIEHTRRLEAS [RTIE 7 4338 v iy 3 e
R E]. 5, 2016, 53(4) :942-950.

XIE Ning—hui, AN Ting—ting, LI Shuang-yi, et al. Distribution and
sequestration of exogenous new carbon in soils different in fertility[J].
Acta Pedologica Sinica, 2016, 53(4) :942-950.

[16] LW, VERLTE, 00T, 55 . F RC kol biic Jr i p o8 it e 5 4t

Tl 50 T OROGA B AT IR SE A [)]. LA, 2013, 50(5) - 948~
955.
AN Ting—ting, WANG Jing—kuan, LI Shuang-yi, et al. Effect of fertil-
ization and plastic film mulching on distribution of photosynthetically
fixed carbon in maize: explored with “C pulse labeling technique[J].
Acta Pedologica Sinica, 2013, 50(5) :948-955.

(1718 8. OB RR A A TR e HE A 52 0 B A P 2 AL
WHFED]. H EBL B, 2018.

GONG Chao. Effects of altered carbon input on carbon emissions of
the marshy wetlands and the microbiological mechanisms[D]. Univer-
sity of Chinese Academy of Sciences, 2018.

[18] Troy S M, Lawlor P G, Ow'Flynn C J, et al. Impact of biochar addition
to soil on greenhouse gas emissions following pig manure application
[J]. Soil Biology and Biochemistry, 2013, 60:173-181.

[19] Fontainee S, Bardoux G, Abbadie L, et al. Carbon input to soil may
decrease soil carbon content[J]. Ecology Letters, 2004, 7(4) :314-320.

[20] Kuzyakov Y. Priming effects : Interactions between living and dead or-
ganic matter[J]. Soil Biology and Biochemistry, 2010, 42(9) : 1363
1371.

[21] Lenka S, Trivedi P, Singh B, et al. Effect of crop residue addition on
soil organic carbon priming as influenced by temperature and soil
properties|J|. Geoderma, 2019, 347.

[22] = WO, R, sRARZR . AMISAT HURR RN 2 X AT LR 23 i (1
()], LA, 2015, 46(4) :916-922.

YUAN Shu-fen, WANG Si-long, ZHANG Wei-dong. Effect of exter-
nal organic carbon and temperature on SOC decomposition[]]. Chinese
Journal of Soil Science, 2015, 46(4):916-922.

[23] Fontaine S, Mariotti A, Abbadie L. The priming effect of organic mat-
ter: a question of microbial competition[]J]. Soil Biology and Biochem-
istry, 2003, 35(6) : 837-843.

[24] Luo Z, Wang E, Sun O J. A meta—analysis of the temporal dynamics
of priming soil carbon decomposition by fresh carbon inputs across
ecosystems[]J]. Soil Biology and Biochemistry, 2016, 101:96-103.

[25] Benjamin W Sullivan, Stephen C Hart. Evaluation of mechanisms con-

trolling the priming of soil carbon along a substrate age gradient[J].



2796

VRIEIN ity 3855 12

Soil Biology and Biochemistry, 2013, 58: 293-301.

[26] W& FS, FRUT2, 1 BR, 55 . RAT A0 X LS ML R R A AL

PESZ R KA BT, AR AL 4, 2013, 21(5) :526-
535.
PAN Jian—ling, DAT Wan—an, SHANG Zhan—huan, et al. Review of
research progress on the influence and mechanism of filed straw resi-
due incorporation on soil organic matter and nitrogen availability[J].
Chinese Journal of Eco—Agriculture, 2013, 21 (5):526-535.

[27] Thiessen S, Gleixner G, Wutzler T. Both priming and temperature sen-
sitivity of soil organic matter decomposition depend on microbial bio-
mass: An incubation study[J]. Soil Biology and Biochemistry, 2013,
57:739-748.

[28] Kuzyakov Y, Friedel J K, Stahr K. Review of mechanisms and quanti-
fication of priming effects[J]. Soil Biology and Biochemistry, 2000, 32 :
1485-1498.

[29] X 5k, W/, BRIRA:, 45 )RR AR RIS RE ARAR bR L S8 L FIAR
i COx TR I 3B SO )], 0 A AR A5 2441, 2013, 24(6)
1501-1508.
LIU Yu, HU Xiao—fei, CHEN Fu-sheng, et al. Temperature sensitivi-
ty of CO» fluxes from rhizosphere soil mineralization and root decom-
position in Pinus massoniana and Castanopsis sclerophylla forests|J].
Chinese Journal of Applied Ecology, 2013, 24(6) : 1501-1508.

[30] Troy S M, Lawlor P G, O’ Flynn C J, et al. Impact of biochar addition

to soil on greenhouse gas emissions following pig manure application
[J]. Soil Biology and Biochemistry, 2013, 60:173-181.

[31] Billings S A, Ballantyne F. How interactions between microbial re-
source demands, soil organic matter stoichiometry, and substrate reac-
tivity determine the direction and magnitude of soil respiratory re-
sponses to warming[J]. Global Change Biology, 2013, 19:90-102.

[32] Guo Z-M, Zhang X-Y, Li D-D, et al. Characteristics of soil organic
carbon and related exo—enzyme activities at different altitudes in tem-
perature forests[J]. Chinese Journal of Applied Ecology, 2017, 28(9) :
2888-2896.

[33] Schmidt M W I, Torn M S, Abiven S, et al. Persistence of soil organic
matter as an ecosystem property[J]. Nature, 2011, 478 :49-56.

[34] Verburg P S J, Arnone J A 111, Evans R D. Net ecosystem exchange in
two model grassland ecosystems|J]. Global Change Biology, 2004, 10:
498-508.

[35] Gren G 1, Bosatta E. Reconciling differences in predictions of temper-
ature response of soil organic matter[J]. Soil Biology and Biochemis-
iry, 2002, 34(1) : 129-132.

[36] Knorr W, Prentice I C, House J 1, et al. Long—term sensitivity of soil
carbon turnover to warming[J]. Nature, 2005, 433(7023) :298-301.

[37] Gershenson A, Bader N E, Cheng W X. Effects of substrate availabili-
ty on the temperature sensitivity of soil organic matter decomposition

[J]. Global Change Biology, 2009, 15(1) : 176-183.



